The aim of this work was to study the difference in interferon gamma (IFN-γ) 
Tuberculosis (TB) is a major global public health problem. The World Health Organization estimates that one-third of the world's population is infected with Mycobacterium tuberculosis, which is responsible for 8.7 million new TB cases and approximately 3 million deaths annually (Doherty et al. 2002 , Vendramini et al. 2005 . Around 116,000 new cases of TB are identified each year in Brazil, of which 10% are in children. Recently, there has been an increased interest in the field of TB diagnosis, especially in developing countries (Hijjar et al. 2001) .
The gold standard for TB diagnosis is based on a combination of clinical and radiological examination, epidemiological investigation, appropriate response to antituberculosis therapy and microbiological testing (culture and baciloscopy). Diagnosis is particularly difficult in children because they are generally paucibacilar, thus decreasing the sensitivity of microbiological tests, establishing an asymptomatic infection. This asymptomatic and/or latent phase can persist for many years, with an approximately 10% risk of active disease reactivation (Jasmer et al. 2002 , Tufariello et al. 2003 . The tuberculin skin test (TST) using purified protein derivative (PPD) has been used to support the diagnosis of suspected TB disease and latent TB infection. However, the main drawback of the TST is the lack of specificity due to cross-reactivity with antigens present in other Mycobacterium species, such as M. bovis bacillus Calmette-Guerin (BCG) used for vaccination, and previous exposure to environmental nontuberculosis mycobacteria (Lein et al. 1999 , ATS 2000b , Sant'Anna et al. 2002 , Scarpellini et al. 2004 ). Thus, new strategies for specific tests to diagnose infection and TB disease in children are urgently needed to overcome the limitations of TST (Scarpellini et al. 2004 , Kunst 2006 , Teixeira et al. 2007 ).
Recently, in vitro studies with cattle and humans measuring interferon gamma (IFN-γ) -secreting T cells have shown that the use of the specific recombinant antigen early secretory antigen target -6 (ESAT-6) in immunodiagnostic tests could be a potential diagnostic tool to detect active TB with a high specificity (Van Pinxteren et al. 2000 , Munk et al. 2001 , Pai et al. 2004 , Teixeira et al. 2007 ). This protein is encoded within the region of difference 1 (RD1) of the M. tuberculosis genome and is more specific to this bacteria than PPD (Scarpellini et al. 2004 , Goletti et al. 2005 due to its absence in all vaccine strains of BCG and all environmental isolates, except for Mycobacterium kansasii, Mycobacterium szulgai, Mycobacterium flavescens and Mycobacterium marinum (Ravn et al. 1999 , Arend et al. 2002 , Goletti et al. 2004 , Scarpellini et al. 2004 , Ravn et al. 2005 . Therefore, the aim of this study was to investigate the difference in IFN-γ production by whole blood T cells against the recombinant antigen ESAT-6 and PPD in vitro in children from a Brazilian endemic area with suspected TB disease, with latent TB infection or without knowledge of previous contact with bacillary TB.
Children between the ages of 3 to 15 years who were BCG vaccinated 24-48 h after birth were selected according to the criteria used by the ATS (2000a). The children were enrolled into three groups: 1) patients with suspected pulmonary TB disease (n = 21), composed of individuals who had an epidemiological history with bacillary TB contact, clinical evidence, chest radiography compatible with TB and a TST > 10 mm. This group was followed-up during TB treatment to evaluate their clinical responses. In this group, two patients were diagnosed with extra-pulmonary TB that was confirmed by bone biopsy culture; 2) subjects with latent TB infection (n = 16), including children who had a TST > 10 mm and had a history of contact with an adult who had active TB. These patients underwent isoniazid chemoprophylaxis therapy. Prior to treatment, both groups 1 and 2 were selected from the Hospital das Clínicas, Recife-PE and the Instituto Materno Infantil Professor Fernando Figueira (IMIP); 3) negative control (NC) group (n = 22) that was composed of children with a negative TST reaction who were without a history of contact with bacillary TB patients and who were without specific signs and symptoms of TB. This group was selected from the IMIP cardiologic infirmary. The mean ages, the TST results for each group and the gender percentage for this study are shown in Table. Individuals diagnosed with Human Immunodeficiency Virus, autoimmune diseases, rheumatic cardiopathies or who had taken immune suppressive drugs in the three months before enrollment were excluded from this study. The study protocol was approved by the Ethical Committee of both the Centro de Pesquisas Aggeu Magalhães-Fiocruz and by the IMIP. Informed consent was obtained from the parents or legal representatives of participating minors. All the adult representatives answered a questionnaire about contact with patients known to have TB or risk groups for such an infection.
Blood samples (3 ml) were taken with heparin (10 U/ml) by venipuncture. The whole blood was cultivated in RPMI 1640 medium with penicillin and streptomycin (100 U/ml, 100 µg/ml), and incubated with ESAT-6 (3 µg/ml), PPD (5 µg/ml) or PMA/Iono (Phorbol Miristate Acetate, 5 µg/ml; Ionomicin, 1 µg/ml) at 37ºC in a humidified CO 2 atmosphere for 120 h. Supernatants were harvested and immediately frozen at -70º C until analysis. The concentration of IFN-γ produced by T cells in response to antigen (ESAT-6 or PPD) or mitogen (PMA/Iono) stimulation in duplicate samples was determined by the Quantikine kit (R&D Systems) enzymelinked immunosorbent assay, as described in the manufacturer's instructions. The results of these analysis were expressed as pg/ml. ESAT-6 and PPD were obtained from Statens Serum Institute (Copenhagen, Denmark) by donation and through commercial means, respectively. The differences in IFN-γ levels from each group were 
Age (years) Mean ± SD 9.7 ± 2.4 7.6 ± 2.7 10.2 ± 3.0 Male (%) 9 (40.9) 11 (68.7) 10 (47.6) Female (%) 13 (59.1) 5 (31.3) 11 (52.4) TST Mean ± SD mm 0 10 ± 4.3 14 ± 6.7
a: scar characteristics of BCG vaccination was observed in all children; b: two children with extrapulmonary TB; SD = Standard Deviation.
compared and evaluated by an unpaired Student's t test; p values of < 0.05 were considered significant. The suspected TB disease group (mean = 901.682 pg/ml) and the NC group (mean = 136.772 pg/ml) differed significantly with respect to the levels of IFN-γ produced in response to ESAT-6 antigen stimulation (p = 0.0025). Also, a significant difference was observed in the cytokine levels for the TB-infected group (mean = 874.384 pg/ml) and the NC group (p = 0.0030; Fig. A) . The ESAT-6 antigen is a major target molecule for the memory T cell response and a possible antigen candidate for future vaccines (Harboe et al. 1996) . Thus, analysis of IFN-γ levels in response to ESAT-6 antigen stimulation may be an important tool in immunodiagnostic assays to detect latent TB infection in children.
In humans, PPD is a highly sensitive reagent for the in vivo skin test and as an antigen for in vitro stimulation studies (Connell et al. 2006) . In this work, statistical differences were shown between the NC group (mean = 522.498 pg/ml) and the suspected TB disease group (mean = 1273.770 pg/ml; p = 0.0321) when PPD was used as in vitro stimulus. Moreover, IFN-γ levels were increased in the NC group after stimulation with this antigen compared to stimulation with ESAT-6. This difference is due to the fact that PPD contains a large number of antigens shared among many different mycobacterial strains (Aggerbeck & Madsen 2006) . This characteristic of PPD contributes to a decreased specificity in activating T cells from populations of patients who are sensitized to mycobacterial antigens as a consequence of BCG vaccination and/or contact with environmental mycobacteria (Van Pinxteren et al. 2000) .
Decreased IFN-γ levels were observed in the NC and suspected TB disease groups after ESAT-6 stimulation, compared to PPD stimulation. This shows that the response to ESAT-6 is of greater specificity, and that previous BCG vaccination may be interfering with specificity after PPD stimulation (Figure) .
Based on the ESAT-6 antigen's higher specificity compared to the PPD antigen, the latent TB infection group's IFN-γ production was significantly greater than the NC group's (p < 0.0030; Fig. A) . This ability to develop such an early diagnostic for the detection of latent TB infection is very important for early treatment of this disease, especially in children.
Further studies are required to clarify the true value of this assay, particularly in children with suspected TB disease and children with latent TB infection (Marais & Pai 2006) .
